In a paper " On Transient Electric Currents," published in the Philosophical Magazine for June 1853, I described a method for measuring differences of electric potential in absolute electrostatic units, which seemed to me the best adapted for obtaining accurate results. The ''absolute electrometer" which I exhibited to the British Association on the occasion of its meeting at Glasgow in 1855, was constructed for the purpose of putting this method into practice, and, as I then explained, was adapted to reduce the indications of an electroscopic * or of a torsion electrometer to absolute measure.
The want of sufficiently constant and accurate instruments of the latter class has long delayed my carrying out of the plans then set forth.
Efforts which I have made to produce electrometers to fulfil certain conditions of sensibility, convenience, and constancy, for various objects, especially the electrostatic measurement of gal vanic forces, and of the differences of potential required to produce sparks in air, under definite conditions, and the observation of natural atmospheric electricity, have enabled me now to make a beginning of absolute determinations, which I hope to be able to carry out soon in a much more accurate manner. In the meantime I shall give a slight description of the chief instruments and processes followed, and state the approximate results already obtained, as these may be made the * I have used the expression " electroscopic electrometer," to designate an electrometer of which the indications are merely read off in each instance by a single observation, without the necessity of applying any experimental process of weighing, or of balancing by torsion, or of otherwise modifying the conditions exhibited.
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foundation of various important estimates in several departments of electrical science.
The absolute electrometer alluded to above, consists of a plain metallic disc, insulated in a horizontal position, with a somewhat, smaller plane metallic disc hung centrally over it, from one end of the beam of a balance. A metal case protects the suspended disc from currents of air, and from irregular electric influences, allowing a light vertical rod, rigidly connected with the disc at its lower end, and sus pended from the balance above, to move up and down freely, through an aperture just wide enough not to touch it. In the side of the case there is another aperture, through which projects an electrode rigidly connected with the lower insulated disc. The upper disc is kept in metallic communication with the case.
In using this instrument to reduce the indications of an electroscopie or torsion electrometer to absolute electrostatic measure, the insulated part of the electrometer is kept in metallic communication with the insulated disc, while the eases enclosing the two instruments are also kept in metallic communication with one another. A charge, either positive or negative, is communicated to the insulated part of the double apparatus. The indication of the tested electrometer is read off, and at the same time the force required to keep the moveable disc at a stated distance from the fixed disc below it, is weighed by the balance. This part of the operation is, as I anticipated, somewhat troublesome, in consequence of the instability of the equi librium, but with a little care it may be managed with considerable accuracy. The plan which I have hitherto followed, has been to limit the play of the arm of the balance to a very small arc, by means of firm stops suitably placed, thus allowing a range of motion to the upper disc through but a small part of its whole distance from the lower. A certain weight is put into the opposite scale of the balance, and the indications of the second electrometer are observed when the electric force is just sufficient to draw down the upper disc from resting in its upper position, and again when insufficient, to keep it down with the beam pressed on its lower stop. This operation is repeated at different distances, and thus no considerable error de pending on a want of parallelism between the discs could remain undetected. I t may be remarked that the upper disc is carefully ba lanced by means of small weights attached to it, so as to make it hang as nearly as possible parallel to the lower disc. The stem carrying it is graduated to hundredths of an in ch ; and by watching it through a telescope at a short distance, it is easy to observe j -0-th of an inch of its vertical motion.
I have recently applied this method to reduce to absolute electro static measure the indications of an electrometer forming part of a portable apparatus for the observation of atmospheric electricity. In this instrument a very light bar of aluminium attached at right angles to the middle of a fine platinum wire, which is firmly stretched between the inside coatings of two Leyden phials, one occupying an inverted position above the other, experiences and indicates the electrical force which is the subject of measurement, and which consists of repulsions in contrary directions on its two ends, pro duced by two short bars of metal fixed on the two sides of the top of a metal tube, supported by the inside coating of the lower phial.
The amount of the electrical force (or rather as it should be called in correct mechanical language, couple) is measured hy the angle through which the upper Leyden phial must be turned round an axis coincident with* the line of the wire, so as to bring the index to a marked position. An independently insulated metal case, bearing an electrode projecting outwards, to which the body to be tested is applied, surrounds the index and repelling bars, but leaves free apertures above and below, for the wire to pass through it without touching i t ; and by other apertures in its sides and top, it allows the motions of the index to be observed, and the Leyden phials to he charged or discharged at pleasure, by means of an electrode applied to one of the fixed bars described above. When by means of such an electrode the inside coatings of the Leyden phials are kept con nected with the earth, this electrometer becomes a plain repulsion electrometer, on the same principle as Peltier's, with the exception that the index, supported by a platinum wire instead of on a pivot, is directed by elasticity of torsion instead of by magnetism ; and the electrical effect to be measured is produced by applying the electrified body to a conductor connected with a fixed mfttal case round the index and repelling bars, instead of with these conductors them selves.
This electrometer, being of suitable sensibility for direct comparison with the absolute electrometer according to the process described above, is not sufficiently sensitive to measure directly the electro static effect of any galvanic battery of fewer than two hundred cells with much accuracy. Not having at the time arrangements for working with a multiple battery of reliable character, I used a second torsion electrometer of a higher degree of sensibility as a medium for comparison, and determined the value of its indications by direct reference to a DanielPs battery of from six to twelve elements in good working order. This electrometer, in which a light aluminium index, suspended by means of a fine glass fibre, kept constantly elec trified by means of a light platinum wire hanging down from it and dipping into some sulphuric acid in the bottom of a charged Leyden jar, exhibits the effects of electric force due to a difference of poten tials between two halves of a metallic ring separately insulated in its neighbourhood, will be sufficiently described in another communi cation to the Royal Society. Slight descriptions of trial instruments of this kind have already been published in the Transactions of the Pontifical Academy of Rome*, and in the second edition of Nichol's Cyclopaedia (article Electricity, Atmospheric), 1860. I hope soon to have another electrometer on the same general prin ciple, but modified from those hitherto made, so as to be more convenient for accurate measurement in terms of constant units. In the meantime I find, that, by exercising sufficient care, I can obtain good measurements by means of the divided ring electro meter of the form described in Nichol's Cyclopaedia.
In the ordinary use of the portable electrometer, a considerable charge is communicated to the connected inside coatings of the Leyden phials, and the aluminium index is brought to an accurately marked position by torsion, while the insulated metal case surround ing, it is kept connected with the earth. The square root of the reading of the torsion-head thus obtained measures the potential, to which the inside coatings of the phials have been electrified. If, now, the metal case referred to is disconnected from the earth and put in connexion with a conductor whose potential is to be tested, the square root of *he altered reading of the torsion-head required to bring the index to its marked position in the new circumstances measures similarly the difference between this last potential and that * Accademia Pontificia dei Nuovi Lyncei, February 1857.
of the inside coatings of the phials. Hence the excess of the latter square root above the former expresses in degree and in quality (positive or negative) the required potential. This plan has not only the merit of indicating the quality of the electricity to be tested, which is of great importance in atmospheric observation, but it also affords a much higher degree of sensibility than the instrument has when used as a plain repulsion electrometer; and, on account of this last-mentioned advantage, it was adopted in the comparisons with the divided ring electrometer. On the other hand, the portable electrometer was used in its least sensitive state, that is to say, with its Leyden phials connected with the earth, when the comparisons with the absolute electrometer were made. The general result of the weighings hitherto made, is that when the discs of the absolute electrometer were at a distance of twenty hundredths of an inch, the number of degrees of torsion in the port able electrometer was 3*229 times the number of grains' weight required to balance the attractive force; and the number of degrees of torsion was 7*69 times the number of grains' weight found in other series of experiments in which the distance between the discs was thirty hundredths. According to the law of inverse squares of the distances to which the attraction between two parallel discs is subject when a constant difference of potentials is maintained between them*, the force at a distance of ^ of an inch would have been •t d t » according to the first of the preceding results, or, according to the second, of the number of degrees of torsion. The mean of these is or 1*2; and we may consider this number as represent ing approximately the value in grains' weight at ^ of an inch distance between the discs of the absolute electrometer, correspond ing to one degree of torsion of the portable electrometer. By com paring the indications of the portable electrometer with those of the divided ring electrometer, and by evaluating those of the latter in terms of the electromotive force of a Daniell's battery charged in the usual manner, I find that 284 times the square root of the number of degrees of torsion in the portable electrometer is approxi mately the number of cells of a Daniell's battery which would pro duce an electromotive force (or, which is the same thing, a difference * See § 11 of elements of mathematical theory of electricity appended to the communication following this in the 1 Proceedings.7 of potentials) equal to that indicated. Hence the attraction between the discs of the portable electrometer, if at y 0 of an inch distance, and maintained at a difference of potentials amounting to that produced by 284 cells, is 1'2 grain. The effect of 1000 cells would therefore be to give a force of 14*9 grains, since the force of attraction is propor tional to the square of the difference of potentials between the discs. The diameter of the opposed circular areas between which the attrac tion observed took place, was 5*86 inches. Its area was therefore '187 tif a square foot, and therefore the amount of attraction per square foot, according to the preceding estimate for ^ of an inch distance and 1000 cells' difference of potential, is 79 grains. To reduce the statement to consistent units founded on a foot as the unit of length, we may suppose, instead of of an inch, the distance between the discs to be yyy of a foot. We conclude that, with an electromotive force or difference of potentials produced by 1000 cells of Daniell's battery, we find for the force of attraction 55*3 grains per square foot between discs separated to a distance of yjLy of a foot.
This result differs very much from an estimate I have made ac cording to my theoretical estimate of 2,500,000 British electro magnetic units for the electromotive force of a single element of Daniell's and Weber's comparison of electrostatic with electro-mag netic units. On the other hand, it agrees to a remarkable degree of accuracy with direct observations made for me, during my absence in Germany, by Mr. Macfarlane, in the months of June and July 1856, on the force of attraction produced by the direct application of a miniature Daniell's battery, of different numbers from 93 to 451 of elements, applied to the same absolute electrometer with its discs at *079 of an inch asunder. These observations gave forces varying, on the whole, very closely according to the square of the number of cells used; and the mean result reduced according to this Jaw to 1000 cells was 23*4 grains.
Reducing this to the distance y^ of a foot, and dividing by *187, the area in decimal of a square foot, we find 54*3 grains per square foot at a distance of ygy of a foot.
Although the experiments leading to this result were executed with great care by Mr. Macfarlane, I delayed publishing it because of the great discrepance it presented from the estimate I deduced from Weber's measurement, which was published while my preparations were in progress. I cannot doubt its general correctness now, when it is so decidedly confirmed by the electrometric experiments I have just described, which have been executed chiefly by Mr. John Smith and Mr. John Ferguson, working in my laboratory with much ability since the month of November. I am still unable to explain the discrepance, but it may possibly be owing to some miscalculation I have made in my deductions from Weber's result.
Glasgow College, Jan. 18, 1860.
Postscript, April 12, 1860.
I have since found that I had inadvertently misinterpreted Weber's statement in the ratio of 2 to 1. I had always, as it appears most natural to me to do, regarded the transference of nega tive electricity in one direction and of positive electricity in the other direction, as identical agencies, to which in our ignorance as to the real nature of electricity we may apply indiscriminately the one expression or the other, or a combination of the two. Hence I have always regarded a current of unit strength as a current in which the positive or vitreous electricity flows in one direction at the rate of a unit of electricity per unit of time; or the negative or resinous electricity in the other direction at the same ra te ; or (according to the infinitely improbable hypothesis of two electric fluids) the vitreous electricity flows in one direction at any rate less than a unit per second, and the resinous in the opposite direction at a rate equal to the remainder of the unit per second. I have only recently remarked that Weber's expressions are not only adapted to the hypothesis of two electric fluids, but that they also reckon as a cur rent of unit strength, what I should have called a current of strength 2, namely a flow of vitreous electricity in one direction at the rate of a unit of vitreous electricity per unit of time, and of the resinous electricity in the other direction simultaneously, at the rate of a unit of resinous electricity per unit of time.
Weber's result as to the relation between electrostatic and electro magnetic units, when correctly interpreted, I now find would be in perfect accordance with my own results given above, if the electro motive force of a single element of the Daniell's battery used were 2,140,000 British electro-magnetic units instead of 2,500,000, as according to my thermo-dynamic estimate. This is as good an agree ment as could be expected when the difficulties of the investigations, and the uncertainty which still exists as to the true measure of the electromotive force of the Daniell's element are considered. It must indeed be remarked that the electromotive force of Daniell's battery varies by two or three or more per cent, with variations of the solu tions used; that it varies also very sensibly with temperature; and that it seems also to be dependent, to some extent, on circumstances not hitherto elucidated. A thorough examination of the electro motive force of Daniell's and other forms of galvanic battery, is an object of high importance, which it is to be hoped will soon he at tained. Until this has been done, at least for Daniell's battery, the results of the preceding paper may be regarded as having about as much accuracy as is desirable.
I may state therefore, in conclusion, that the average electromotive force per cell of the Daniell's batteries which I have used, produces a difference of potentials* amounting to '0021 in British electrostatic measure. This statement is perfectly equivalent to the following in more familiar term s:-One thousand cells of Daniell's battery, with its two poles connected by wires with two parallel plates of metal j-^-th of a foot apart and each a square foot in area, produces an electrical attraction equal to the weight of 55 grains. The electrometers used in this investigation were the absolute electrometer and the portable electrometer described in my last communication to the Royal Society, and the operations were ex ecuted by the same gentlemen, Mr. Smith and Mr. Ferguson. The conductors between which the sparks passed were two unvarnished plates of a condenser, of which one was moved by a micrometer screw, giving a motion of of an inch per turn, and having its
